The human colorectal carcinoma-associated GA733 antigen epithelial cell adhesion molecule (EpCAM) was initially described as a cell surface protein selectively expressed in some myeloid cancers. Gangliosides are sialic acid-containing glycosphingolipids involved in inflammation and oncogenesis. We have demonstrated that treatment with anti-EpCAM mAb and RAW264.7 cells significant inhibited the cell growth in SW620 cancer cells, but neither anti-EpCAM mAb nor RAW264.7 cells alone induced cytotoxicity. The relationship between ganglioside expression and the anti-cancer effects of anti-EpCAM mAb and RAW264.7 was investigated by high-performance thin-layer chromatography. The results demonstrated that expression of GM1 and GD1a significantly increased in the ability of anti-EpCAM to inhibit cell growth in SW620 cells. Anti-EpCAM mAb treatment increased the expression of anti-apoptotic proteins such as Bcl-2, but the expression of pro-apoptotic proteins Bax, TNF-α, caspase-3, cleaved caspase-3, and cleaved caspase-8 were unaltered. We observed that anti-EpCAM mAb significantly inhibited the growth of colon tumors, as determined by a decrease in tumor volume and weight. The expression of anti-apoptotic protein was inhibited by treatment with anti-EpCAM mAb, whereas the expression of pro-apoptotic proteins was increased. These results suggest that GD1a and GM1 were closely related to anticancer effects of anti-EpCAM mAb. In light of these results, further clinical investigation should be conducted on anti-EpCAM mAb to determine its possible chemopreventive and/or therapeutic efficacy against human colon cancer.
Introduction
The use of mAbs as adjuvant in cancer chemotherapy has drawn considerable interest because of the success of several novel agents with a broad range of targets. Although several immunological agents have been discovered, a comprehensive understanding of the mechanism of action, the optimal dose, or administration timing is absent (Dyer, 1999; Sievers et al., 2001; Dillman, 2002) . Models based on tumor destruction by antigendependent cell-mediated cytotoxity or by complementdependent cytotoxicity and idiotypic networks have been developed to explain the effectiveness of mAbs. A mAb directed against epithelial cell adhesion molecule (EpCAM) is currently under development.
The human colorectal carcinoma (CRC)-associated antigen GA733, also named CO17-1A/EpCAM/ KSA/KS1-4, is highly expressed in human CRCs and is a useful passive immunotherapy target in CRC patients Zaloudik et al., 2002). The glycoprotein was originally defined by anti-GA733, anti-CO17-1A, and anti-EpCAM mAbs, which bind to different epitopes on this antigen (Herlyn et al., 1984; Ross et al., 1986) . EpCAM, a putative adhesion molecule, was initially described as a cell surface protein selectively expressed by epithelial (Helyn et al., 1979; Howard et al., 1986) and some myeloid cancers (Bergsagel et al., 1992) . Malignant epithelial-derived tumors significantly expressed to the EpCAM (Barzar et al., 1999) . Recently, Maetzel et al. (2009) described proteolytic fragments of EpCAM that participate in nuclear signaling in tumor cells. EpCAM is also expressed by stem cells in colon cancers (Dalerba et al., 2007) and hepatocellular carcinomas (Yamashita et al., 2007) .
Cell membrane constituent, such as gangliosides, modulate these complex interactions by inhibiting receptor dimerization or through other allosteric interactions. Gangliosides, which are sialic acidcontaining glycosphingolipids, are plasma membrane constituents of all vertebrate cells and are particularly abundant in the CNS (Svennerholm, 1980) . In vitro, exogenously applied gangliosides are rapidly incorporated into the plasma membrane and are responsible for numerous biological effects, such as development, differentiation, and cell-cell interaction, inflammation and oncogenesis (Laine and Hakomori, 1973; Feizi, 1985; Hakomori, 1996) . Subsequent studies have indicated the functional significance of tumor-associated carbohydrate antigens in cancer malignancy (Fukuda, 1996) . Tumor-associated carbohydrate determinants have been utilized as tumor markers to diagnose colon cancer (Kannagi et al., 2004) . GD1a and GM1 are the 2 main gangliosides in many cell types (Kwak et al., 2011) . Developmental changes in ganglioside composition of the nervous system are characterized by an increase in GM1 and GD1a during the transition from fetal to postnatal life (Svennerholm et al., 1989) . Decreased GM1 reduced the natural killer activity of hepatic mononuclear cells and increased the number of hepatic metastases of colon carcinoma (Shiratori et al., 1992) . Previous study has described the inhibitory effect of GM1 in animal models of colon cancer metastasis (Vogel et al., 1996) . GD1a is also known to suppress the metastasis of cancer cells (Hyuga et al., 1999) . In this study, we demonstrated the relationship between GM1 and GD1a expression and the anticancer effects of anti-EpCAM mAb on SW620 colorectal cancer cells and tumors. 
Results

Anti-EpCAM mAb inhibited the growth of human colorectal cancer cells treated with RAW264.7 cells
To determine whether the immunoreaction of anti-EpCAM mAb with RAW264.7 cells is inhibited to cancer cell growth, the inhibitory effect of anti-EpCAM mAb on SW620 cancer cell growth was analyzed by direct counting. Morphological observation revealed that the cells gradually reduced in size and adopted a round shape in response to anti-EpCAM mAb treatment ( Figure  1A ). Cell growth inhibition by immunoreaction of anti-EpCAM mAb with RAW264.7 cells was also confirmed by trypan blue dye exclusion. Moreover, treatment of SW620 cells with anti-EpCAM mAb (10 μM) and RAW264.7 cells resulted in significant inhibition of cell growth ( Figure 1B) . However, treatment with either anti-EpCAM mAb or RAW264.7 cells alone was not cytotoxic to SW620 cancer cells. However, these studies could not completely exclude possible side effects induced by the chemicals used; hence, the specific roles of gangliosides in cancer cells remain unclear. Therefore, the relationship between gangliosides expression and the anticancer effects of treatment with anti-EpCAM mAb and RAW264.7 cells was investigated by HPTLC analysis. The results from the analysis suggest that GM1 and GD1a were closely related in anti-EpCAM mAb-mediated growth inhibition of SW620 cells (Figure 2 ). Figure 3 shows immunofluoresces stain result that the expression of GM1 and GD1a were significantly increased in growthinhibited SW620 cells treated with anti-EpCAM mAb and RAW264.7 cells.
HPTLC and immunofluorescence analysis
Apoptotic cell death induced by anti-EpCAM mAb and apoptotic regulatory protein expression
To determine whether the inhibition of SW620 cell growth by anti-EpCAM mAb was due to the induction of apoptotic cell death, we evaluated the changes in apoptosis by double staining with DAPI and TUNEL; we then examined the TUNEL-labeled cells under a fluorescence microscope. The frequency of TUNEL-labeled cells and fluorescence intensity increased in treated cancer cells. Apoptotic cell numbers (DAPI-positive, TUNEL-stained cells) increased to 76 (8%) in SW620 cells treated with 10 μM anti-EpCAM mAb and RAW264.7 cells ( Figure 4A ). Further, treatment with anti-EpCAM mAb induced expression of apoptotic regulatory proteins. An investigation of the relationship between the induction of apoptosis and the were estimated by direct counting of fragmented nuclei after DAPI and TUNEL staining. SW620 colon cancer cells (2 × 10 6 /ml) either untreated or treated with doses of anti-EpCAM mAb (10 μM) and RAW264.7 cells. An equal amount of total protein (40 μg/lane) was subjected to 12% SDS-PAGE. (B) Expression of Bax, caspase-3, caspase-8, Bcl-2, TNF-α, and β-actin were detected by western blotting using specific antibodies. Here, β-actin protein was used as an internal control. Each band is representative of 3 independent experiments. Values represent mean (SD) of 3 experiments, each performed in triplicate. *P ＜ 0.05 indicates a statistically significant difference from the control group. expression of apoptotic regulatory proteins by anti-EpCAM mAb showed that the expression of anti-apoptotic proteins such as Bcl-2 was decreased by treatment with anti-EpCAM mAb, whereas the expression of the pro-apoptotic proteins Bax, TNF-α, caspase-3, cleaved caspase-3, and cleaved caspase-8 were increased by treatment with anti-EpCAM mAb ( Figure 4B ).
Synergic effects in apoptotic cell death of SW620 cells by addition of gangliosides (GM1 and GD1a)
To determine whether the synergic effects of gangliosides (GM1 and GD1a) co-treatment in immunoreaction of anti-EpCAM mAb with RAW264.7 cells is significantly inhibited to cancer cell growth, the inhibitory effect of anti-EpCAM mAb on SW620 cancer cell growth was analyzed by direct counting. Moreover, co-treatment of SW620 cells with anti-EpCAM mAb (10 μM), RAW264.7 cells and ganliosides (GM1 and GD1a, 10 μM) resulted in significant inhibition of cell growth compared to co-treatment with anti-EpCAM mAb and RAW264.7 cells (Supplemental Data Figure S1A ). However, treatment with either anti-EpCAM mAb or RAW264.7 cells or gangliosides (GM1 and GD1a) alone was not cytotoxic to SW620 cancer cells. To determine whether the inhibition of SW620 cell growth by co-treatment of anti-EpCAM mAb, RAW264.7 cells and 10 μM gangliosides (GM1 and GD1a) was due to the induction of apoptotic cell death, we evaluated the changes in apoptosis by TUNEL kit. Apoptotic cell numbers (TUNEL-stained cells) increased to 80% in SW620 cells co-treated with 10 μM anti-EpCAM mAb, RAW264.7 cells and 10 μM gangliosides (GM1 and GD1a) (Supplemental Data Figure S1B ).
Anti-EpCAM mAb inhibited the growth of colon cancer cells in an in vivo xenograft model
Changes in body weight between the control and anti-EpCAM mAb-treated mice (n = 10) were not significantly different. Figure 5 shows the relative delay in tumor growth in the anti-EpCAM mAb-treated and control groups. On day 28, the final tumor volume (size) and weight were recorded. Tumor volume (size) in mice treated with anti-EpCAM mAb (100 μg/mouse) and daunorubicin (100 μg/mouse) was decreased 40% and 30% compared with the control group, respectively ( Figures 5A and 5B ). Tumor weight in mice treated with anti-EpCAM (100 μg/mouse) was decreased 35% compared with the control group ( Figure 5C ). The florescence intensity and number of TUNEL-labeled cells increased in tumors treated with anti-EpCAM mAb ( Figure 6A ). The immunohistochemical analysis of tumor sections by H&E and by proliferation antigens against GD1a and GM1 revealed that anti-EpCAM mAb at doses of 100 μg/mouse inhibited tumor cell growth ( Figure 6B ). These results suggested that anti-EpCAM mAb suppressed colon cancer cell growth in vivo. To determine whether the inhibition of SW620 tumor growth by anti-EpCAM mAb resulted from the induction of apoptotic cell death, we evaluated the changes in apoptotic cell death by using DAPI and TUNEL double staining. Anti-EpCAM mAb treatment in SW620 tumors inhibited the expression of anti-apoptotic proteins such as Bcl-2, but the expression of pro-apoptotic proteins, including Bax, caspase-3, cleaved caspase-3, and caspase-8, increased ( Figure 6C ).
Discussion
Our findings showed that the anti-EpCAM mAbmediated suppression of colon cancer cell growth in vitro is associated with the induction of apoptotic cell death. We also found that the anti-EpCAM mAb-mediated induction of GM1 and GD1 overexpression in vitro is associated with the inhibition of cancer cell growth. In vivo xenograft studies showed that anti-EpCAM mAb treatment resulted in reduced tumor weight and volume accompanied by apoptotic cell death and increased expression of pro-apoptotic cell death proteins.
EpCAM is an oncofetal tumor antigen that is abundantly expressed in CRCs and can induce natural antitumor immunity. EpCAM expression levels correlate with the proliferative activity of intestinal cells and inversely correlate with their differentiation (Wenqi et al., 2009) . EpCAM has been an excellent source of anticancer vaccines because of its immunogenicity in humans (Staib et al., 2001) . Anti-EpCAM mAb (10 μM) inhibited the growth of colon cancer cells treated with RAW264.7 cells. This result suggests that anti-EpCAM mAb inhibits colorectal cancer cell growth by immunobinding with RAW264.7 cells.
Many anti-apoptosis genes (e.g., Bcl-XL, Bcl-2), the TNF receptor-associated proteins 1 and 2, and pro-apoptosis genes (e.g., caspase-3 and -9 and Bax) are regulated in a variety of solid colon tumor cells (Schoemaker et al., 2002; Coffey et al., 2002) . The Bax gene product dimerizes with Bcl-2 and prevents it from blocking apoptosis (Zha et al., 1996) . The Bax protein controls cell death by activating caspase-8 and -3 (Seol et al., 2001) . We showed that anti-EpCAM mAb significantly and effectively induced apoptotic cell death in colon cancer cells. The activation of caspase-3 and -8 was more significantly increased in SW620 colorectal cancer cells treated with anti-EpCAM mAb and RAW264.7 cells. These results suggest that in SW620 cells the anticancer effects of anti-EpCAM mAb may be related to apoptotic cell death. We also observed that the expression of GM1 and GD1a was significantly increased in apoptotic SW620 cells. Previous studies have reported that gangliosides have bioactive effects in immunoreactions and tumor progression (Shah et al., 1996) and that GD1a regulates metastasis of cancer cells (Hyuga et al., 1997) . Our results suggest that induced the overexpression of GM1 and GD1a by anti-EpCAM mAb was closely related to increase of apoptotic cell death in SW620 colon cancer cells (Supplemental Data Figure S1 ).
Anti-EpCAM mAb significantly inhibited the growth of colon tumors as determined by a decrease (C) An equal amount of total protein (40 μg/lane) was subjected to 12% SDS-PAGE. Expression of Bax, Caspase-3, Caspase-8, Bcl-2, and β-actin were detected by western blotting using specific antibodies. Here, β-actin protein was used as an internal control. Each band is representative of 3 independent experimental results. The value is the mean (SD) of 3 experiments, with each performed in triplicate. *P ＜ 0.05 indicates a statistically significant difference from the control group. Bar indicate 100 μm.
in tumor weight and volume. In vivo anti-EpCAM mAb treatment significantly decreased the expression of Bcl-2 and increased the expression of caspase-3 and -8 and Bax, as determined by western blotting. These results show that GD1a expression was significantly increased in anti-EpCAM mAb-treated colon tumor tissue and that anti-EpCAM mAb suppressed the growth of xenograft tumor cells by inducing apoptosis.
We observed apoptotic cell death and inhibition of colon cancer cell growth at anti-EpCAM mAb concentrations of 10 μM. Anti-EpCAM mAb is suppressing the growth of cancer cells in vivo. For instance, the growth of transplanted SW620 colorectal cancer cells in male nude mice was inhibited by 40% by i.p. injection of 100 μg/mouse anti-EpCAM mAb/day starting 1 week after tumor cell inoculation. The treated mice exhibited no weight loss or other toxicities. The growth suppression of xenograft SW620 cancer cells mediated by antiEpCAM mAb correlated with increased apoptotic cell death and the suppression of proliferating cell nuclear antigen and GD1a staining accompanied by an increase in related gene expression in the tumor tissue. Taken together, these results suggest that GM1 and GD1a were closely related to anticancer effects of anti-EpCAM mAb, and further clinical investigation should be conducted to determine its possible chemopreventive and/or therapeutic efficacy against human colon cancer.
Methods
Cell Culture
Human colorectal cancer cell, SW620 cell line was obtained from the American Type Culture Collection (ATCC, VA), and were grown in RPMI1640 with 10% fetal bovine serum, 100 U/ml penicillin, and 100 μg/ml streptomycin at 37 o C in 5% CO2 humidified air. RAW264.7 cells were ob-tained from the ATCC and were grown in RPMI1640 with 10% fetal bovine serum, 100 U/ml penicillin, and 100 μg/ml streptomycin at 37 o C in 5% CO2 humidified air.
Cell viability assay
To determine the cell number, human colorectal cancer cells were seeded into 12-well plates (5 × 10 4 cells/well), and were treated with anti-EpCAM mAb (R&D system Inc., MN), RAW264.7 cells (obtained ATCC, Manassas, VA), ganglioside GM1 (1 μM) and GD1a (1 μM) (Matreya, PA). After 5 h, the cells were trypsinized and pelleted by centrifugation for 5 min at 1,500 rpm. Subsequently, a drop of the suspension was placed in a Neubauer chamber and the viable cancer cells were counted; cells that excluded trypan blue were considered viable, and cells that showed signs of staining were considered dead. Each assay was performed in triplicate.
High-performance thin-layer chromatography
Ganglioside analysis was performed using a 10 × 10 cm high-performance thin-layer chromatography (HPTLC) 5651 plate (Merck, Darmstadt, Germany) with a slight modification of a previous method (Lee et al., 2007) . The markers and gangliosides (1 mg protein/lane) purified from SW620 colorectal cancer cells were loaded into the HPTLC plates and developed in chloroform: MeOH: 0.25% CaCl2ㆍH2O (50:40:10, v/v/v) . Gangliosides were visualized using 0.2% resorcinol, and the expressional density of gangliosides was quantified by HPTLC densitometry analysis (Scion Image software, version beta 4.0.3; Frederick, MD). Gangliosides obtained from murine and bovine brains were used as standards to categorize individual ganglioside species.
Detection of apoptosis
Detection of apoptosis was done as described elsewhere method (Schuhly et al., 2009) . Cells were cultured in 8-chamber slides. After treatment with anti-EpCAM mAb (40 μM), RAW264.7 cells, ganglioside GM1 (1 μM) and GD1a (1 μM) for 24 h, the cells were washed twice with PBS and fixed by incubation in 4% paraformaldehyde in PBS for 1 h at room temperature. TdT-mediated dUTP nick and labeling (TUNEL) assays were performed using the in situ Cell Death Detection Kit (Roche Diagnostics GmbH, Mannheim, Germany) according to the manufacturer's instructions. Total number of cells in a given area (cell density) was determined by DAPI staining. The apoptotic index was determined as the number of TUNEL-positive stained cells divided by the total number of cells counted × 100.
Antitumor activity study in an in vivo xenograft animal model
Six-week-old male BALB/c athymic nude mice were purchased from Japan SLC (Hamamatsu, Japan) and were housed and maintained under sterile conditions in facilities accredited by the American Association for Accreditation of Laboratory Animal Care, in accordance with current regulations and standards of Korea Food and Drug Administration. SW620 human colorectal cancer cells were injected subcutaneously (1 × 10 7 tumor cells/0.1 ml PBS/ animal) with a 27-gauge needle into the right lower flank of carrier mice. The tumor-bearing nude mice were injected intraperitoneally (i.p.) with anti-EpCAM mAb dissolved in PBS (100 μg/mouse) twice per week for 4 weeks. As a positive control, daunorubicin (DNR) (100 μg/mouse) was also injected once a week. The weight and tumor volume of the animals were monitored twice per week. Tumor volume was measured using calipers and calculated using the formula (A × B 2 )/2, where A is the larger and B is the smaller of the 2 dimensions. At the end of the experiment, the animals were killed by cervical dislocation. The tumors were separated from the surrounding muscles and dermis, excised, and weighed.
Immunohistochemical stain
All specimens were fixed in formalin and embedded in paraffin for examination. Paraffin-embedded sections were deparaffinized and rehydrated, washed in distilled water, and subjected to heat-mediated antigen retrieval treatment. Endogenous peroxidase activity was quenched by treatment with 2% hydrogen peroxide in methanol for 15 min and washing in PBS for 5 min. The sections were blocked for 30 min with 3% normal horse serum diluted in PBS; the sections were blotted and incubated with primary mouse GD1a and GM1 mAbs (1:200 dilutions) at the appropriate dilution in blocking serum for 4 h at room temperature and left overnight at 4 o C. The next day slides were washed thrice in PBS for 5 min each and incubated with biotinylated anti-mouse and rabbit antibody for 2 h. The slides were washed in PBS and incubated with the avidin-biotin-peroxidase complex (ABC, Vector Laboratories Inc., Burlingame, CA). The slides were washed and the peroxidase reaction developed with diaminobenzidine and peroxide, counterstained with hematoxylin, mounted in aquamount, and evaluated under a light microscope (200×; Olympus, Tokyo, Japan). A negative control was performed for every experiment by omitting the primary antibody. All slides were counterstained with hematoxylin. To detect apoptotic cells in tumor tissue, the paraffin-embedded sections were incubated in a mixture of labeling solution (450 μl) and enzyme solution (50 μl) for 1 h at 37 o C and washed thrice in 0.1 M PBS for 5 min each according to manufacturer instructions. The sections were incubated with the DAPI for 15 min at 37 o C. Positive TUNEL staining was recorded by counting the number of cells that were positively stained with DAPI in the defined area.
Western bolt analysis
The SW620 colorectal cancer cells were homogenized in lysis buffer [150 mM NaCl, 1% Triton X-100, 0.1% SDS, 1 mM phenylmethylsulfonyl fluoride (PMSF), 1 mM EDTA, 0.5% sodium deoxycholate, and 50 mM Tris/HCl, pH 7.4], and then centrifuged at 13,000 rpm for 20 min at room temperature. Proteins (20 μg/lane) were separated on a 7.5% SDS-PAGE gel and then transferred to a nitrocellulose membrane (Hybond ECL; Amersham Pharmacia Biotech, Piscataway, NJ). The blots were blocked with 5% non-fat dried milk in Tris-buffered saline for 2 h. The membrane was then incubated for 16 h with a primary antibody: rabbit anti-caspase-8 (Santa Cruz Biotechnology Inc., Delaware, CA), rabbit anti-bax (Santa Cruz Biotechnology Inc.), rabbit anti-caspase-3 (Santa Cruz Biotechnology Inc.), rabbit anti-TNF-α (Santa Cruz Biotechnology Inc.), and mouse monoclonal anti-Bcl-2 (Santa Cruz Biotechnology Inc.), at 4 o C. After the membranes were incubated with BCIT/NBT, immunoreactivity was determined using a Microtek ScanMaker 5 and quantified by densitometry analysis.
Statistical analysis
All data are presented as mean (SD). Multi-group comparison was performed using one-way ANOVA and two-way ANOVA, followed by Tukey's and Bonferroni post hoc pairwise comparison. A P value ＜ 0.05 was considered statistically significant. All statistical analyses were performed using GraphPad Prism (Ver. 4.00; GraphPad Software Inc., La Jolla, CA).
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